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ABSTRACT 
 
 
 
 
Landfill is a prominence method for solid waste management. However, the 
production of highly contaminated leachate is a major drawback of this method. The 
leachate causes a great impact towards human health and environment. Thus, a 
proper treatment is needed. One of the treatment methods, physico-chemical method 
such as adsorption has shown good performance in stabilizing leachate treatment. 
This research was carried out to develop an environmental friendly adsorbent in 
treating wastewater that contaminated with varied type of pollutant like leachate. In 
this study, newly produced adsorbent was utilized to treat landfill leachate collected 
from Simpang Renggam Landfill Site (SRLS). The adsorbent prepared by 
combining 1:1 ratio of feldspar and zeolite and bonded together with chitosan which 
finally produced bead shape adsorbent. Under the optimum condition of pH 5, 6 
gram of adsorbent dosage,120 minutes contact time and 5 percent of leachate in 
adsorbate as its initial concentration, the removal of COD, ammonia nitrogen and 
iron is 70%, 90% and 90% respectively and its uptake capacity is 5.89mg/g, 1.61 
mg/g and 0.0127 mg/g respectively. Meanwhile, the COD, ammonia nitrogen and 
iron adsorption isotherm study shows that the Freundlich model is the best fitting 
model. Concurrently, for kinetic study, Pseudo-second order kinetics is more 
compliance rather than Pseudo-first-order kinetics. Furthermore, the regeneration 
studies show that after regenerated, the removal percentage had increase about 2%-
18% which indicated that the adsorbent has the potential to be reused. Thus, from 
this study, it can be concluded that CFZ biohybrid adsorbent is a potential adsorbent 
in wastewater treatment field that is environmentally friendly.     
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ABSTRAK 
 
 
 
 
Tapak pelupusan sampah adalah kaedah yang sering diaplikasi dalam pengurusan 
sisa pepejal. Walau bagaimanapun, penghasilan larut resapan menjadi kelemahan 
utama kaedah ini. Ini kerana larut resapan memberi kesan buruk terhadap kesihatan 
manusia dan juga alam sekitar. Oleh itu, rawatan yang tepat diperlukan dan rawatan 
fiziko-kimia seperti penjerapan telah menunjukkan prestasi yang baik dalam rawatan 
larut resapan. Oleh itu, kajian ini dilaksanakan untuk menghasilkan bahan penjerap 
yang mesra alam dalam merawat larut resapan yang tercemar dengan pelbagai jenis 
bahan pencemar. Dalam kajian ini, penjerap baru iaitu penjerap biohIbrid kitosan-
feldspar-zeolit (CFZ) dihasilkan dan digunakan untuk merawat larut resapan dari 
Tapak Pelupusan Simpang Renggam. Penjerap yang berbentuk manik ini disediakan 
dengan menggabungkan 1:1 nisbah feldspar dan zeolite dan diikat bersama-sama 
dengan kitosan. Di bawah keadaan optima pH 5, 6 gram dos penjerap, 120 minit 
masa sentuhan dan 5 darjah pencairan kepekatan awal, penyingkiran COD, ammonia 
nitrogen dan ferum adalah 70%, 90% dan 90% dengan kapasiti pengambilan 
5.89mg/g, 1.61 mg/g dan 0.0127 mg/g. Sementara itu, kajian penjerapan isoterma 
menunjukkan bahawa model Freundlich adalah model terbaik sesuai untuk 
penjerapan COD, ammonia nitrogen dan ferum.. Manakala untuk kajian kinetik, 
pseudo- tertib kedua adalah model terbaik. Manakala, kajian regenerasi 
menunjukkan bahawa selepas diregenerasi, peratusan penyingkiran meningkat kira-
kira 2%-18%. Ia menunjukkan bahawa penjerap itu mempunyai potensi untuk 
digunakan semula. Oleh itu, dari kajian ini, penjerap biohibrid CFZ adalah penjerap 
yang berpotensi dalam bidang rawatan air sisa yang mesra alam sekitar.    
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Background Study 
 
 
Rapid progression in economic activities and population growth that has been taking 
place in Malaysia has contributed to the growing of domestic and industrial waste 
production (Ismail & Manaf, 2013). Kamaruddin et al., (2016) reported that 
averagely, Malaysian produced 1.1 kg/cap/day of municipal solid waste (MSW). 
Similarly, study from Tarmudi et al., (2009) stated that based on previous pattern of 
solid waste generation, it is predicted that the generation rate will increase 2% 
annually. If the Malaysia population is taken into consideration, the estimation 
amount of MSW produced each day is tremendous since the population of Malaysia 
is 30 million. Thus, it can be concluded that the solid waste management is one of 
crucial and daunting challenges to Malaysia especially the disposal facilities of solid 
waste. With tremendous waste produced in Malaysia, landfilling has been prominent 
choice for disposal due to its simple operation technologies and cost-effectiveness 
compared to other method (Moh & Manaf, 2014). However, the distinctive problem 
associated with landfill is the production of complex and heavily contaminated 
wastewater namely leachate, where leachate is potential hazard towards human and 
environment especially it can downgraded the water resources systems (Sartaj et al., 
2010). 
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In landfill, there are many complex events occurred sequentially which are 
defined as physical, chemical and biological process where the waste dumped in the 
landfill site transformed through these process (Adhikari et al., 2014). One of the 
products from these processes is landfill leachate, where it is generally formed by the 
percolation of excess water through waste collected in the landfill site (Bashar et al., 
2015). With a variation type of waste composition in landfill site, it is questionable 
that the landfill leachate produced is generally heavily contaminated with variety of 
pollutant and hard to deal with (Umar et al., 2010). Sartaj et al., (2010) stated that 
leachate can contain up to 200 organic compounds identified in municipal landfill 
leachate with 35 compounds have the potential to cause harm to the environment and 
human health especially downgrading water resources systems. Thus, proper 
treatment plan is required to reducing the impact of landfill leachate.  
Generally, the treatment for landfill leachate is very complicated and 
requiring costly operation with numerous approaches to reduce the impact of 
discharged leachate towards environment (Aziz et al., 2010). Numerous techniques 
were developed and it could be categorized as physical, chemical, and biological 
(Abbas et al., 2009). There are also integrated techniques such as physicochemical, 
where these methods were applied successfully for the treatment of landfill leachate 
(Gandhimathi et al., 2013). Furthermore, the combination of the physical and 
chemical process manage to reduce the drawbacks of each single process. 
(Papastavrou et al., 2009; Zazouli et al., 2012; Gandhimathi et al., 2013). One of 
physicochemical method is adsorption.  
Adsorption process is considered as promising technique because it has 
potential to remove or minimize different type of pollutants with ease operation and 
simple design (Bhatnagar & Sillanpaa, 2010).Thus, it has a wider applicability in 
water pollution control. Traditionally, activated carbon (AC) was well known as 
good adsorbent. Unfortunately, activated carbon remain as an expensive material 
(Varma et al., 2013). Thus, in the past years, the exploration on natural, inexpensive 
and eco-friendly material as alternative in adsorption is conducted.  A wide variety 
of adsorbents have been used for the removal of pollutants.  
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Among available adsorbent, composites adsorbent has gained many interest 
from many researchers because the combination of the preferred properties of the 
materials in the composite produce an interesting and attractive alternative as 
adsorbents as they have high reactivity and excellent selectivity towards specific 
pollutant compounds (Jiuhui, 2009). Even though there are many composite 
adsorbent have been produced, the composite adsorbent that used three or more 
materials are limited. Besides that, production of composite adsorbent using 
environmental friendly material such as chitosan, which has been produced by 
utilizing crustaceans waste, is a very attractive alternative. Therefore, this study 
focused on the effectiveness of the landfill leachate treatment using a composite 
adsorbent with three different materials namely chitosan, feldspar and zeolite to 
remove chemical oxygen demand (COD), Ammonia nitrogen and iron.  
 
 
1.2 Problem Statement 
 
 
Production of highly contaminated wastewater, namely leachate is a major drawback 
for landfilling. Abu Amr et al., (2013) has classified leachate as potential source of 
contamination to nearby groundwater and surface water because the leachate itself 
contaminated with high amount of organic compounds, ammonia, heavy metals, a 
complex variety of materials, and many other hazardous chemicals. Sartaj et al., 
(2010) support this statement by reporting that leachate can contain up to 200 
organic compounds identified in municipal landfill leachate with 35 compounds 
having the potential to cause harm to the environment and human health especially 
downgrading water resources systems. For instance, high level of ammonia is 
considered as toxic to living organism especially in surface water because it can 
contribute to eutrophication and dissolved oxygen depletion (Emenike et al., 2012). 
 Furthermore, the study conducted by Ithnin et al., (2012) on effect of 
leachate from old dumping site that had been capped for more than 10 years toward 
Sungai Batu, Selangor had showed that the river had been classified as Class IV 
(based on Water Quality Index), where the water is not suitable for drink water 
resources but only suitable for irrigation purpose). Even though natural water is 
known to have the capability to dilute any pollutant, but its capability is too weak to 
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face this heavily contaminated leachate. Hence, it can be concluded that effective 
treatment for landfill leachate is required because leachate without proper treatment 
can downgrade water system for a long run.  
 Generally, the treatment for landfill leachate is very complicated and 
requiring costly operation with numerous approaches (Aziz et al., 2010) in order to 
reduce the impact of discharged leachate towards environment. Numerous 
techniques were developed and it could be categorized as physical, chemical, and 
biological (Abbas et al., 2009). The suitability of leachate treatment technique is 
dependable on leachate characteristics. For instance, biological treatment has shown 
efficiency in eliminating organic matter in early stage when BOD/COD ratio of 
leachate is high. But when the ratio decreases with the increasing of landfill age, the 
process become less effective (Deng et al., 2007), since biological treatment is not 
suitable to treat old or stabilize leachate that mainly contain recalcitrant matter and 
varied substances such as ammonia that hinder of biological activity (Halim et al., 
2010).  
Therefore, in order to achieve the satisfying treatment efficiency, technique 
such as integrated system is applied because it is not easy to achieve the satisfying 
treatment efficiency by using only one technology (Aziz et al., 2014). Thus, other 
treatment method such as physicochemical processes is a rational process due to cost 
effectiveness (Li et al., 2010). Physicochemical treatment such as chemical 
precipitation, reverse osmosis, ion exchange, oxidation, membrane filtration, air 
stripping and adsorption have been applied in landfill leachate treatment (Abbas et 
al., 2009; Aziz et al., 2010; Bashir et al., 2012; Aziz et al., 2013).  
Among physicochemical treatment, adsorption is one of the techniques that 
are widely used in landfill leachate treatment. Adsorption technique is well known as 
the efficient and promising approach in wastewater treatment processes (Foo & 
Hameed, 2009). It also has potential to remove or minimize different type of 
pollutants. Thus, to encounter landfill leachate that heavily contaminate, adsorption 
is a good choice especially when leachate consists of high refractory and non-
biodegradable compound that has been a major challenge to biological treatment 
(Halim et al., 2010). The most commonly used adsorbent in wastewater treatment is 
granular activated carbon or powdered activated carbon (PAC) (Mojiri, 2011). 
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 Although activated carbon is very effective in treating wastewater but 
unfortunately the use of activated carbon is costly and sludge production become 
major drawback for activated carbon. But recently, the exploration on different type 
of adsorbent has gained the researcher interests especially on composite adsorbent. 
Composite adsorbent is synthesized to combine the preferred properties of the 
materials in the composite (Srinivasan, 2011). Jiuhui (2009) added that it contributes 
the excellent selectivity of pollutant. Furthermore, there are also research on 
composite that promoting low cost and environmental friendly approach by using 
abundant material or waste as composite material. Unfortunately, there are more 
exploration can be conducted on composite adsorbent especially using three or more 
environmental friendly material. 
 
 
1.3 Objectives  
 
 
The aim of this study is to develop an environmental friendly adsorbent in treating 
wastewater contaminated with varied type of pollutant. In order to achieve the aim, 
the researcher had outlined few objectives:  
a) To characterize the new biohybrid adsorbent, which is produced by 
combining zeolite and feldspar with the presence of chitosan as a binder.  
b) To evaluate the effect of various pH, dosage, contact time and initial 
concentration on sorption of pollutant (COD, ammonia nitrogen, and 
iron) by zeolite-feldspar-chitosan (CFZ) biohybrid adsorbent. 
c) To determine the mechanism of adsorption in term of adsorption isotherm 
and kinetic and it’s regeneration capacity. 
d) To compare the new biohybrid adsorbent with its single material, name 
chitosan, feldspar and zeolite. 
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1.4 Scope of Work 
 
 
This study focuses on adsorption process as a treatment for leachate collected from 
Simpang Renggam Landfill Site. The adsorbent used in this study is a composite of 
three different materials namely chitosan, feldspar and zeolite. The combination of 
these three different materials produced a bead like adsorbent. Generally, this study 
consists of field activities, laboratory work, and application of mathematical 
modeling whereas the field activities involving the leachate collection where the 
sample was collected and being analyzed afterward.  
The five stages in laboratory work are preliminary study, preparation and 
characterization of CFZ biohybrid adsorbent, optimization study, batch adsorption 
and regeneration studies. Along with this stage, three water quality parameter, 
namely COD, ammonia nitrogen (NH3-N), and iron were analysed. Meanwhile, the 
optimum condition of environmental parameters focused on pH, dosage, contact 
time and initial concentration. The determined range for pH is between 5-9 and 
dosage range for 0.12 g to 8 g. Meanwhile, contact time range is between 30 minutes 
to 6 hours and the initial concentration of leachate range from 100 to 5 percent of 
leachate. The working range determined based on previous study. 
The result obtained from laboratory work was used in formulating a 
mathematical modeling that describe the adsorption mechanism onto the adsorbent. 
The mathematical modeling used throughout this study is Freundlich and Langmuir 
model for adsorption isotherm. In the meantime, pseudo first-order and pseudo-
second-order model for adsorption kinetic. Both mathematical modelings explain the 
mechanism of adsorption process where the result could be used for design purposes.  
 
 
1.5 Significance of Study 
 
 
Landfills often treated as dirty and undesirable by the neighboring residents. 
However, we could not deny that landfill hold an important role in solid waste 
management in Malaysia even though it also can become a source of pollutant to its 
surrounding environment (Sartaj et al., 2010). Thus, it is important to plan and 
design the landfill system in order to prevent and minimize further contamination 
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and pollution to the surrounding environment. Unfortunately, leachate is complex 
wastewater and need multiple approaches to treating it since it is heavily 
contaminated. Therefore, the composite adsorbent is a potential approach to treat 
complex wastewater due to each material capability. Furthermore, by utilizing 
material from abundant earth sources like feldspar and crustaceans waste like 
chitosan, it produced an environment-friendly adsorbent. Yazdani et al., (2013) has 
stated that feldspar has been known as the most abundance mineral where it is 
constituting approximately around 60% of the earth crust, meanwhile chitin which is 
developed to form chitosan is second most abundant polymer beside cellulose 
(Aranaz et al., 2014). 
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CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1   Introduction 
  
 
Nowadays, the quality of the environment is briskly deteriorating, especially when it 
concerning the solid waste management issues which have become a major concern 
specifically in the urban area throughout the world, in many large metropolitans in 
most of the developing countries (Badgie et al., 2012). Factors such as increasing of 
economic development and population growth, inadequate infrastructure and 
expertise, and land scarcity is the reason for management of municipal solid waste 
become one of the most critical environmental issues for developing country such as 
Malaysia (Manaf et al., 2009).  
 Landfilling has been prominent choice in Malaysia to dispose the 
tremendously production of waste (Tamru & Chakma, 2015). Unfortunately, 
production of heavily contaminate leachate has become one of the major drawback 
for this method. The generation of leachate has started as early as the beginning of 
landfill operation and continue decade even after the closure of landfill by 
percolation of any excess water though the solid waste fill. With presence of many 
pollutants, leachate has become sources of pollution toward environment (Umar et 
al., 2010).  
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2.2 Solid Waste Management 
 
 
The generation of solid waste has been rapidly increased each year. Generally, when 
the economic development and urbanization is high, the greater amount of solid 
waste is produced (Tarmudi et al., 2009). Kamaruddin et al., (2016), has reported 
that averagely Malaysian produced 1.1 kg/cap/day of municipal solid waste (MSW). 
Hence, if the population in Malaysia is taken into consideration, the estimate amount 
of solid waste produced each day is tremendous since Malaysia population is 30 
million. Agumuthu et al., (2011) stated that currently, the generation of solid waste 
has been exceeding 28,000 tons per day. In addition, based on previous pattern of 
solid waste generation, it is predicted that the rate will increase 2% annually 
(Tarmudi et al., 2009). Thus, based on previous studies, it indicated that solid waste 
management is considered as an alarming issue and daunting challenge in Malaysia. 
 Generally, solid waste disposal requires an adequate environmental control 
from the collection of waste to disposal and finally consistent monitoring of disposal 
sites. In order to effectively manage the solid, four functional element 
interrelationships should be practiced well before the final disposal decision. Figure 
2.1 shows the detailed steps involved from material generated from the source until 
the final functional element for disposal purposes. According to Tarmudi et al., 
(2009), the first function element is the source of material generated. Meanwhile, the 
second function element is waste handling, separation, and storage at the site. Wastes 
such as paper, plastic, cardboard, ferrous metals and aluminium cans are some of the 
components that are separated before placing them into the store containers. This is 
an important action before moving to the next point, which is collection. In the 
collection phase, solid waste is picked up and placed into empty containers with 
separate parts for recyclable materials. Then, the collection vehicles collect the waste 
around the disposal centres manually before disposing them into the disposal sites. 
The proper planning and implementation at each stage can reduce the waste to be 
disposed in disposal site. 
10 
 
 
 
 
Figure 2.1: The basic solid waste management system (Tarmudi et al., 2009) 
 
Generally, disposal has been the less favourable option in managing solid 
waste. This statement is supported by Tarmudi et al., (2009) who stated that 
preventing of waste has been the top priority and followed by recycling and reusing 
of waste. Meanwhile, disposal is the option if both of previous measures cannot be 
avoided. Under the Malaysia Solid Waste and Public Cleansing Management Act 
2007 (Act 672), disposal of any solid waste could be by destruction, incineration, 
and deposit or decomposing (Nagapan et al., 2012). However, among the disposal of 
waste, landfilling is still a common method for managing solid wastes in Malaysia 
and in other low-to-medium developing countries (The Ingenieur, 2009; Tamru & 
Chakma, 2015). This is because this method is the cheapest and simplest option to 
implement, compare to the other common disposal method such as incinerator, 
which is costly and requires technological experts to operate it.  
Tamru & Chakma, (2015) reported that almost 95% of the total of MSW has 
been disposed of in landfill. In addition; high percentages of organic material in the 
municipal waste has encouraged the use of landfilling in Malaysia compared to other 
method, especially incinerator due to high moisture content from the organic 
compounds, has incurred additional operation costs to cover the auxiliary fuel in 
burning processes (Ismail & Manaf, 2013). 
 
 
 
Solid waste generation 
Waste handling separation and 
storage at site 
Collection  
Disposal  
Transfer and 
transport 
Separation, 
processing, and 
transformation of 
solid waste 
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2.2.1 Solid Waste Composition 
 
 
Municipal solid waste commonly consist of around 20 diverse categories which are 
food waste, paper (mixed), cardboard, plastics (rigid, film and foam), textile, wood 
waste, metals (ferrous or non- ferrous), diapers, newsprint, high grade and fine 
paper, fruit waste, green waste, batteries, construction waste and glass. These 
categories can be categorized into organic and inorganic (Amin & Go, 2012). In 
Malaysia, municipal solid waste (64%) is the highest composition, followed by 
industrial waste (25%), commercial waste (8%) and 3% consists of construction 
waste (EA- SWMC, 2009).  
 Waste composition is a vital factor that determine the suitability of different 
waste disposal methods. Study conducted by Ismail & Manaf. (2013); showed that 
among the heterogeneous type of waste, the main component of MSW in Malaysia is 
organic, especially food waste, since the household area is one of the main major 
sources of municipal solid waste in Malaysia (Tariq & Mostafizur, 2007). Hence, 
high percentage of organic material in the municipal waste have encouraged the use 
of landfilling in Malaysia. In addition, the failure of an incineration trial in Malaysia 
was attributed to high moisture content from the organic compounds in MSW, which 
incurred additional operation costs to cover the auxiliary fuel in burning processes 
(Ismail & Manaf, 2013). 
 
 
2.3 Landfill  
 
 
Moh & Manaf, (2014) has defined landfill as a physical facilities ranging from an 
uncontrolled rubbish dump to a full containment site engineered with high standard, 
which used for disposing the solid waste in the surface of the earth. It is usually 
considered as ultimate method that could deal with all materials in the waste stream, 
as well as final disposal place for unrecovered waste (Badgie et al., 2012). 
Landfilling operation involves compaction of solid waste in layers at the properly 
selected site, thereby allowing waste to decompose under controlled conditions until 
it eventually transforms into relatively inert.  
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This transformation process cause the disposed of solid wastes undergo many 
physical, chemical and biological changes such as anaerobic biodegradation of a 
high molecular weight compound of organic materials to simple compound typically 
methane and organic acids (Rui, 2013). Hence, in order to achieve the level of inert, 
stabilization and extraction of pollutants from a landfill are needed where this 
occurrence depending on few factors such as composition of the wastes, degree of 
compaction, amount of moisture presence, presence of inhibiting materials, the rate 
of water movement, and temperature (Zouboulis et al., 2008). The process may take 
ages with few different phases of landfill, namely initial adjustment phase, transition 
phase, acidogenic phase, methane fermentation phase and maturation phase 
(Adhikari et al., 2014). 
In Malaysia, landfilling is a prominent method for managing solid wastes as 
well as other low-to-medium developing countries, as it is the cheapest and simplest 
option to implement, compared to the other common disposal method such as 
incinerator, which is costly and requires technological experts to operate it (The 
Ingenieur, 2009; Tamru & Chakma, 2015). Almost 95% of the total of MSW has 
been disposed of in landfill (Tamru & Chakma, 2015). At present, federal 
government own almost all landfills and the concession or local authorities 
themselves operate them. For instance, landfills in Southern part of peninsular 
Malaysia are operated by Southern Waste Management Sdn. Bhd concession 
company (Rui, 2013).There are more than 296 landfill in Malaysia, including with 
operating the landfill and non-operating landfill (Zainol et al., 2012). Meanwhile, 
Rui (2013) stated that among 296 landfills, 166 landfills were still operated and only 
seven were classified as sanitary landfills. The others were identified as either 
dumpsites or controlled tipping areas. The number of landfill in Malaysia is 
summarized in Table 2.1. 
Nevertheless, disposal of wastes through landfilling has faced constrain in 
term of difficulties in finding suitable sites for new landfills after the closure of 
existing landfills. With the increasing amount of solid waste, the existing landfill 
sites are filling up at a very fast rate. In the meantime, opening and constructing new 
sites for landfilling is becoming more difficult because of land scarcity and because 
of the increasing of land prices (Manaf et al., 2009). As a result, the existing landfills 
continue to be used with temporary measures taken to upgrade the landfill.  
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In addition, the disposal through landfill is becoming tougher because most 
of the landfill sites in Malaysia are open dumping areas, which pose serious 
environmental and social threats (Manaf et al, 2009). There are many negative 
effects of the landfill but the most common effects placed into two distinct categories 
namely atmospheric effects and hydrological effect, which come in term of 
emissions of landfill gas and discharge of landfill leachate. Many problems 
connected to this could threaten the groundwater and surface water resources besides 
the spread of odors, insects, rats, smoke and gasses resulting from the decomposition 
of waste (Aljaradin & Persson, 2012). Therefore, there is an urgency to develop 
reliable and sustainable options to manage leachate generation and treatment 
effectively (Sartaj et al., 2010). 
Table 2.1: Landfill in Malaysia (National Solid Waste Management Department, 
Ministry of Urban Wellbeing, Housing and Local Government, 
http://www.kpkt.gov.my/, accessed 23 February 2015) 
State Number of Operating 
Landfills 
Number of Non-operating 
Landfills 
Total 
Johor 14 23 37 
Kedah 8 7 15 
Kelantan 13 6 19 
Melaka 2 5 7 
Negeri Sembilan 7 11 18 
Pahang 16 16 32 
Perak  17 12 29 
Perlis 1 1 2 
Pulau Pinang 2 1 3 
Sabah 19 2 21 
Sarawak 49 14 63 
Selangor 8 14 22 
Terangganu 8 12 20 
WP Kuala Lumpur 0 7 7 
WP Putrajaya 1 0 1 
Total 165 131 296 
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2.4  Leachate 
 
 
Leachate is polluted water resulting from the infiltration and percolation of any 
sources of water including rainfall, groundwater, runoff, or floodwater flowing 
through an existing or abandoned solid waste landfill site percolates through the 
waste. While the water percolating through the waste, it will also carry along 
organic, inorganic, heavy matter, colloid, pathogen and other polluted matters 
(Salem et al., 2008). Consequently, leachate would contain highly contaminated and 
hazardous substance. It is reported that there were up to 200 organic compounds had 
been identified in municipal landfill leachate with almost 35 compounds were 
identified as potential threat that can harm the environment and human health (Jaafar 
et al., 2009).  
 The heavily contaminated leachate generated from landfill site can cause a 
significant damage toward environment when it is exposed to surrounding water 
resources or soil (Rui, 2013). Even though water is known to have the capability to 
dilute any pollutant naturally, unfortunately, the capability to dilute is not enough to 
cope with a high strength wastewater such as leachate (Mohd Zin et al., 2012). 
Hence, the treatment is required before leachate being released into any water body 
to reduce or avoid the impact toward environment. 
 
 
2.4.1 Composition and Characteristic of Leachate 
 
 
Landfill is considered as ultimate method that can deal with all materials in the waste 
stream. The variety of waste composition dispose in landfill site has influenced the 
composition and the characteristic of landfill leachate (Naveen et al., 2015). In 
addition, study conducted by Adhikari et al., (2014) stated that beside the waste 
composition, leachate also greatly influenced by landfill age as well as the process 
that occurred in that age. Typically, there are four major groups of pollutant in 
leachate, namely organic matter, inorganic matter, Xenobiotic organic compound 
and heavy metal (Lee et al., 2010; Adhikari et al., 2014). The characteristics of the 
landfill leachate can usually be represented by the basic parameters COD, BOD, the 
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ratio BOD/COD, pH, suspended solids (SS), ammonium nitrogen (NH3-N), total 
Kjeldahl nitrogen (TKN) and heavy metals (Renou et al., 2008). 
The determination of leachate characteristic is important; especially during 
the design of the leachate treatment system to help determining the suitable treatment 
either it can be treated by using biological, chemical, physical or combined methods. 
Thus, it helps in reducing cost since the actual leachate treatment systems involve a 
complex process and huge cost. Furthermore, determination of leachate composition 
can benefit in identifying the potential effect on nearby water sources (Rui, 2013). 
Table 2.2 shows the leachate characteristic in a few identified landfill in Malaysia. 
From this table, it can be concluded that the characteristics of leachate between 
landfill in Malaysia are varied from each other. Bhalla et al., (2012) supported this 
notion by  stating that the difference of the characteristics of leachate may due to 
factor that influence the leachate quality such as solid waste composition, age of 
refuse, operation of landfill, climate, hydrological condition, chemical and biological 
activities, moisture content, temperature, pH, and degree of stabilization. 
Furthermore, the characteristics exhibit the degree of stabilization of this leachate.  
 
 
2.4.2 Factor Affecting Leachate Quality 
 
 
Leachate is wastewater that contain many substances and its quality is highly 
variable depending on few reasons. Among the factors are solid waste composition, 
age of refuse, operation of landfill, climate, hydrological condition, chemical and 
biological activities, moisture content, temperature, pH, and degree of stabilization 
affects the composition of leachate (Bhalla et al., 2012). These factors interlinked 
with one another and have a potential to influence the quality of leachate. Hence, it 
contributed in producing an integrated effect on its quality. 
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2.4.2.1 Waste Composition  
 
 
When the water flowing through the pile of waste, it carries along the distinctive 
pollutant from those pile of waste. In general, the composition of waste determine 
the extent of biological activity within the landfill sites. For instance, organic 
material in leachate originated from waste such as rubbish, food and garden wastes, 
and crop and animal residues. Meanwhile, inorganic constituents in leachate are 
often derived from ash wastes and construction and demolition debris derived from 
different sources (Adhikari et al., 2014).  
 
 
2.4.2.2 Age of Landfill 
 
 
Leachates generated as early as the beginning of the landfill operation and continue 
for decade even after the closure of the landfill. Along this time, leachate 
composition are varied based on the changing of landfill phase. Generally, with 
increasing age of leachate production, the organic compounds decreasing more 
rapidly than the inorganic compounds. Hence, the ratio of total volatile solids to total 
fixed solids decreases with the age of the landfill (Bhalla et al., 2012). 
Naveen et al., (2014) had stated that young leachate usually identified as 
acidogenic phase, where leachate during this phase contains large amounts of readily 
biodegradable organic matter such as free volatile fatty acids (VFAs), amino acids, 
other low molecular weight compounds and gases like H2 and CO2. High 
concentration of VFAs has contributed to low pH, which usually less than 5. 
Meanwhile, the value BOD5/COD ratio is relatively high in between of 0.5-0.7., 
which indicates large amounts of biodegradable organic matter. In addition, during 
this phase, high concentration of heavy metals such as Fe, Mn, Ni and Zn due to 
lower pH and the bonding with the VFAs. 
 Meanwhile, old leachate is allocated in the methanogenic phase, where it has 
lower concentration of VFAs. This is due to their conversion into methane and 
carbon dioxide (CO2) as gaseous products during this second fermentation period. In 
this phase, VFAs and other readily biodegradable organic compounds in the leachate 
decreases and leachate becomes dominated by refractory compounds, such as humic 
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like compounds and fulvic acid like substances. Thus, BOD5/COD will have low 
ratio values, most often close to 0.1, which is a characteristic value for stabilised 
leachates. Due to the decrease of VFAs, consequently it will produce pH, where the 
value is close to 8. In the meantime, the concentration of metal ions is in general low 
due to the decreasing solubility of many metal ions with increasing pH (Bhalla et al., 
2012; Naveen et al., 2014). 
 
 
2.4.3 Impact of Leachate 
 
 
More than 100 hazardous compound such as aromatic compounds, phenols, 
pesticides, heavy metals and ammonium have been identified in landfill leachate. 
The presence of this compound is threatening and gave detrimental effect on the 
survival of aquatic life form, ecology and food chains, by imposing a significant 
influence on the mobilization and attenuation towards the complexation of organic 
ligands and colloidal matters. This threat may occurred when landfill become a 
hydro-geological contamination source due to leachate infiltrating into the natural 
environment (Sanjay et al., 2013). 
Emenike et al., (2012) reported that high level of ammonia is toxic to many 
living organisms in surface water. This is because it contributes to eutrophication, 
and dissolved oxygen depletion. Meanwhile, organic pollutant can cause oxygen 
depletion and having severe consequences for the stream biota when the 
decomposition process of organic pollutants. Moreover, wastewater with organic 
pollutants contains large quantities of suspended solids, which reduce the light 
available to photosynthetic organisms and, on settling out, alter the characteristics of 
the riverbed, rendering it an unsuitable habitat for many invertebrates (Rasheed, 
2013).  
In addition, if the leachate escape to the water bodies, it is very complicated 
and costly to have it controlled and cleaned up. In most cases, it is very tough to 
restore the contaminated water bodies to its original state. Accordingly, an adequate 
engineering plan and design of a municipal landfill can avoid or reduce the seepage 
of leachate from reaching the water bodies. 
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2.5 Leachate Treatment 
 
 
Determination of suitable treatment method was created based on the characteristic 
of the leachate. It is also based on the actual leachate treatment systems that have 
been commissioned. The reason for this is because leachate treatment involving a 
complex process and huge cost (Mohd Zin et al., 2012). Therefore, a proper leachate 
treatment technique that is efficient, cost-effective and environmentally friendly need 
to be utilized. To conclude, leachate treatment is very complicated, expensive and 
generally requires multiple processes (Aziz et al., 2010).  
There are many methods for leachate treatment such as using biological, 
chemical and physical methods (Mohd Zin et al., 2012). The treatment can be alone 
or combination of two or three of above methods such as physico-chemical. 
Gandhimathi et al., (2013) had explained in his study that the combination of the 
above process might reduce the drawbacks of each single process. For instance, 
combination of biological treatments and physicochemical methods are being 
considered as the most appropriate technologies for manipulation and management 
of high strength effluents like landfill leachates. While treating young leachate, 
biological techniques can yield a reasonable treatment performance with respect to 
COD, NH3-N and heavy metals. When treating stabilized leachate, physicochemical 
treatments have been found to be suitable as a refining step for biologically treated 
leachate, in order to remove organic refractory substances (Renou et al., 2008).  
Rui (2013), had stated that the leachate treatment processes have different 
effectiveness depending on the leachate from landfill of different ages. Generally, in 
early age of landfill, new leachate produced containing mainly volatile fatty acids 
when compared with the stabilized leachate. Thus, biological processes are more 
effective for new leachate. However, as time goes by, biological is not effective due 
to the presence of toxic substances that hinder microbial activities (Aziz et al., 2010). 
Hence, for this stage, leachate required another method or additional method as pre 
or post treatment beside biological treatment. Table 2.3 shows the effectiveness of 
treatment based on landfill age. From the table, it shows that biological technique 
such as aerobic process is good for young leachate, where this phase contain high 
organic matter concentration. Meanwhile Physicochemical technique such as 
adsorption and ion exchange show good result for old leachate. 
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Table 2.3: The effectiveness of treatment based on landfill age (Abbas et al., 2009) 
Type of treatment Leachate age (year) 
Young (<5) Medium (5-10) Old (>10) 
Combined treatment with 
domestic sewage 
Good Fair Poor 
Recycling  Good Fair Poor 
Aerobic processes  Good Fair Poor 
Anaerobic processes  Good Fair Poor 
Coagulation/flocculation Poor Fair Fair 
Chemical precipitation Poor Fair Poor 
Adsorption Poor Fair Good 
Oxidation Poor Fair Fair 
Stripping Poor Fair Fair 
Ion exchange Good Good Good 
Microfiltration Poor - - 
Microfiltration Poor - - 
Microfiltration Good Good Good 
Reverse osmosis Good Good Good 
 
 
2.5.1 Physicochemical Treatment 
 
 
According to Zainol et al., (2013), biological treatment were suitable to treat young 
leachates, which contain high biodegradable components such as volatile fatty acids. 
However, in the case of "old" leachates, the biological process could not successfully 
treat the leachate because it contain a higher proportion of the organic matter and 
consist of relatively refractory compounds or non-biodegradable matters and these 
pollutants inhibit biomass activity and/or are recalcitrant to biological. Thus, 
physico-chemical was applied along with the biological methods mainly to improve 
treatment efficiency or make the biological process possible even hampered by the 
presence of refractory materials. Mojiri et al., (2013) also supported this motion by 
emphasizing the importance of pre-treatment or last purification to complement with 
biological treatment. This process is possible since physico-chemical methods are 
applied for removing non-biodegradable and/or undesirable compounds from the 
leachate (Wiszniowski et al., 2006).  
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Physico-chemical processes include reduction of suspended solids, colloidal 
particles, floating material, colour, and toxic compounds (Renou et al., 2008). 
Chemical and physical methods such as chemical oxidation, adsorption, chemical 
precipitation, coagulation/flocculation, sedimentation/ flotation and air stripping 
were applied successfully for the treatment of landfill leachate (Kurniawan et al., 
2009; Papastavrou et al., 2009; Gandhimathi et al., 2013). The combination of the 
above process reduces the drawbacks of each single process (Papastavrou et al., 
2009; Zazouli et al., 2012; Gandhimathi et al., 2013).  
From the previous study on physico-chemical treatment, Aziz et al., (2010) 
reported that by using carbon-mineral composite adsorbent, it managed to remove 
70% of color and ammonia nitrogen, 80% of COD and 90% of iron from Taiping 
landfill site. Meanwhile, chemical precipitation method had removed about 50% 
COD and 90% NH3–N, with an initial COD concentration of 4024 mg/L and NH3–
N concentration of 2240 mg/L, were removed (Kurniawan et al., 2006). Mohajeri et 
al., (2010) had utilised Fenton oxidation for the removal of color and COD from 
Pulau Burung stabilized landfill leachate whereby color and COD removal were 78% 
and 58%, respectively.  
 
 
2.6 Adsorption 
 
 
Worch (2012) had defined adsorption as a mass transfer process by which a 
substance (atoms, ions or molecules) is transferred from a gas, liquid or dissolved 
solid to the surface of a solid, and becomes bound by physical and/or chemical 
interactions. This surface phenomenon is a consequence of surface energy, where the 
bonding on with the surface of adsorbent is due to either by ionic, covalent or 
metallic bond. Meanwhile, by changing the properties of the liquid phase (e.g. 
concentration, temperature, and pH) adsorbed species can be released from the 
surface and transferred back into the liquid phase. This reverse process is referred to 
as desorption.  
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Rashed (2013) explained that the bonding through adsorption occur when the 
atom on the surface of the adsorbent are not wholly surrounded by another atom, 
they can attract adsorbates which dependable on the details of the species involved. 
The bonding may occur either by ionic, covalent or metallic bond. It may also occur 
due to electrostatic attraction. The classification is based on their bonding nature. 
Generally, physical sorption is caused by Van Der Waals forces (dipole-dipole 
interactions, dispersion forces, induction forces), which are relatively weak 
interactions. Meanwhile, chemisorption bonding is due to covalent bonding and due 
to electrostatic attraction (Rashed, 2013). Beside from the bonding nature, the 
adsorption type is also classified based on adsorption enthalpy, where the enthelphy 
for physisorption is mostly lower than 50 kJ/mol. 
 Adsorption is very promising treatment that can be applied in variety of field 
especially environmental field such as water treatment. Singh & Kaushal (2013) had 
stated that adsorption is a treatment, which can economically meet today's higher 
effluent standards and water reuse requirements. Bhatnagar & Silanpaa (2010) 
supported this notion and reported this process not only can remove or minimize 
different type of pollutants, but this process is also considered as convenience due to 
ease and non-polluting operation and simplicity of design. In addition, there are 
variety type of adsorbent, which become one of the reasons for it to promote 
environmental friendly and low cost approach (Singh & Kaushal, 2013). Hence, due 
to these advantages, this process has a wider applicability in water pollution control. 
 
 
2.6.1 Adsorption Application in Water Treatment 
 
 
Adsorption processes are commonly used in water treatment. Table 2.4 gives an 
overview of typical application fields and treatment objectives of adsorption. Based 
on the adsorbent type applied, organic substances, as well as inorganic ions, they can 
be removed from the aqueous phase. The most frequently used adsorbent is granular 
or powdered activated carbon. It is reported that carbon adsorption is effective for 
50–70% removal of both COD and ammonia nitrogen, also ensure final polishing 
level by removing toxic heavy metals or organics and to support the microorganisms, 
(Sunjay et al., 2013). However, various other low-cost carbonaceous materials are 
also being utilised and explored for using them as an adsorbent. 
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A review study on landfill leachate treatment using adsorption method that 
had been conducted by Sunjay et al., (2013) has shown few examples of adsorption 
treatment which using Zeolitised fly ash material (CV-Z), rice husk activated carbon 
(RH AC) and commercial activated carbon (PAC). The COD removal obtained using 
CV-Z, RH AC and PAC is 14%, 70%, and 85% respectively. For colour, PAC 
obtained the highest result which is 98% compared to 60% removal for RH AC. 
Meanwhile, there is no colour removal for CV-Z. However, CV-Z removes ammonia 
(NH4-N) up until 74%. From COD case, adsorption capacity is similar between 
RHAC and PAC.  
 
Table 2.4: Adsorption application fields and treatment objectives (Worch, 2012) 
Application field Objective Adsorbent 
Drinking water 
treatment 
Removal of dissolved organic matter Activated carbon 
Removal of organic 
micro pollutants 
Activated carbon 
Removal of arsenic Aluminum oxide,              
iron hydroxide 
 Urban wastewater 
treatment 
Removal of phosphate Aluminum oxide,             
iron hydroxide 
Removal of micro pollutant Activated carbon 
Industrial wastewater 
treatment 
Removal or recycling of specific 
chemicals 
Polymeric                            
adsorbent 
Swimming pool water 
treatment 
Removal of organic substances Activated carbon 
Groundwater 
remediation 
Removal of organic substances Activated carbon 
Treatment of landfill 
leachate 
Removal of organic substances Activated carbon 
Aquarium water 
treatment 
Removal of organic substances Activated carbon 
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2.6.2 Mechanism of Adsorption 
 
 
The adsorption process involves two phases, which is a solid phase (adsorbent) and a 
liquid phase (solvent) which contain dissolved species to be sorbed. There are 
numerous ways for the dissolved species to be uptake by the cell due to the complex 
structure of microorganisms. Hence, the mechanism of adsorption is a complicated 
process. Das et al., (2008) described that the sorbent attracted and separated by 
different mechanisms due to higher adsorbent-adsorbate affinity. Then, the process 
continues until equilibrium is reached between the amount of solid-bound sorbate 
species and its portion remaining in the solution. The distribution between the solid 
and liquid phases is determined by the degree of sorbent affinity for the sorbate. 
Figure 2.2 shows a complete description of mass transport into a solid, 
encompassing surface adsorption, absorption by penetration into the solid and 
condensation within pores. 
 
Figure 2.2: Step of adsorption mechanism (Vivek & Burgess, 2012) 
On the other hand, Rahimizadeh & Liaghat, (2015) revealed that adsorption 
mechanisms could be divided into two subdivisions by the dependence on the cells’ 
metabolism, which are metabolism-dependent and non-metabolism dependent. Also, 
it can be classified into three classifications by the location where the dissolved 
species removed from solution is found, which are extracellular 
accumulation/precipitation; cell surface sorption/precipitation and intracellular 
accumulation. Figure 2.3 summarizes these classifications.  
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